Background--Patient characteristics insufficiently explain disparities in cardiovascular outcomes among hospitalized patients, suggesting a role for community or hospital-level factors. Here, we evaluate the association of hospital racial composition and payer mix with all-cause inpatient mortality for patients hospitalized with acute coronary syndrome (ACS).
P atient race/ethnicity and socioeconomic status significantly associate with cardiovascular morbidity and mortality. Black patients have higher rates of fatal coronary artery disease, are diagnosed with heart failure at an earlier age, and experience worse cardiovascular outcomes. [1] [2] [3] [4] [5] [6] Medicaid and uninsured patients are less likely to receive optimal medical therapy for heart failure and acute coronary syndrome (ACS), and have higher cardiovascular mortality compared with patients with private insurance. [7] [8] [9] [10] [11] When evaluating health outcomes, disparities in cardiovascular morbidity and mortality are inadequately explained by patient-level characteristics such as demographics, race, regional income, and comorbidities, even after traditional hospital characteristics are taken into account. [12] [13] [14] Hospital racial composition and payer mix represent 2 potentially important system factors not typically accounted for in traditional risk-adjusted cardiovascular models. Patients admitted to safety net hospitals are less likely to receive optimal goal-directed medical therapy, while patients admitted to hospitals with greater minority populations have been shown to experience increased cardiovascular mortality. 13, [15] [16] [17] [18] Prior work assessing the impact of hospital race and payer mix on cardiovascular outcomes is limited to a narrow geographic region or the Medicare or Medicaid population. 12 Research suggests that Medicare patients are a poor surrogate for the general population, and studies of smaller geographic regions have limited generalizability. 19 Given the seemingly important impact of hospital race and payer makeup on cardiovascular outcomes, and the lack of studies exploring this relationship in the general population, we sought to evaluate the association of hospital minority makeup and low-income payer (Medicaid or uninsured) mix with all-cause inpatient mortality among patients admitted for ACS.
Methods
The National Inpatient Sample (NIS) data set provides hospital administrative data through the Agency for Healthcare Research and Quality's Healthcare Cost and Utilization Project. For 2014, the NIS included 44 states and the District of Columbia, and encompassed >96% of the US population. Patients with all insurances, including those with Medicare Advantage and the uninsured, are included. NIS methodology and sampling details are described elsewhere. 20 NIS data used for the analyses below are publicly available. Methods and materials used to conduct analyses below are available upon request.
The 2014 NIS consists of 29 751 955 discharges from 4400 hospitals. After exclusion of discharges of nonadults (<18 years of age), discharges with missing age information, discharges from hospitals with <2500 discharges, and discharges from hospitals with ≥10% missing race or payer information, 26 107 715 discharges from 2293 hospitals remained. Of these, 550 005 were admitted with a primary diagnosis of ACS. This cohort was used for the analyses below ( Figure 1 ). NIS hospitals were divided into quartiles based on percent of minority (black, Hispanic, Asian or Pacific Islander, Native American race/ethnicity) and low-income payer (Medicaid or uninsured) discharges in 2014. We used logistic regression to investigate the association between hospital minority and lowincome payer quartile, and the odds of all-cause inpatient mortality among those admitted for a primary diagnosis of ACS. Model 1 was adjusted for age and sex. Model 2 was adjusted for the covariables in Model 1 plus traditional hospital characteristics available: teaching status, bed size, and region. Model 3 was adjusted for the covariables in Model 2 plus patient comorbidities and procedures received before the hospitalization visit from which data were obtained ( Figure 2 ). Model 4 was adjusted for the covariables in Model 3 plus for individual-level race and individual-level payer status. A cubic spline analysis was subsequently conducted to continuously model the impact of hospital minority makeup and low payer status on probability of all-cause inpatient mortality for patients admitted with ACS. Three knots were used for the spline models. Cubic splines were adjusted for the covariables in Model 4. Last, we compared rates of various inpatient procedures across hospital minority and lowincome payer quartiles using a nonparametric Pearson v 2 test of proportions. All statistical analysis was performed using Stata 15.1 (StataCorp, College Station, TX). Survey-specific data commands were utilized where applicable. P.K.S. and B.Z. had full access to the data, and take responsibility for the integrity of the data analysis. An institutional review board waiver was obtained for the project.
Results
The final cohort included 550 005 primary ACS discharges ( Figure 1 
Clinical Perspective
What Is New?
• In a large, nationwide sample, hospital minority and lowincome payer makeup were both found to positively associate with odds of all-cause inpatient mortality among patients admitted with acute coronary syndrome. • Facilities taking care of larger proportions of minority and low-income payer patients were found to have lower rates of invasive cardiovascular procedures, and potentially a sicker baseline population.
What Are the Clinical Implications?
• Policy changes that provide resources and support to facilities taking care of large proportions of minority and low-income payer patients are needed and have the potential to improve outcomes for those admitted with acute coronary syndrome.
years. Thirty-eight percent were female, 10.6% were black, and 14.5% were low-income payer (Medicaid or Uninsured). In the cohort, 77.2% had hypertension, 42.3% had diabetes mellitus, and 17.4% were obese. Five percent of the cohort died during hospitalization. Full baseline characteristics of the population are presented in Table 1 . After adjustment, ACS patients admitted to hospitals with >12.4% to 25.4% (Quartile 2), >25.4% to 44.3% (Q3), and >44.3% (Q4) minority discharges experienced a 14% (OR 1.14, 95% CI 1.06-1.23), 13% (OR 1.13, 95% CI 1.04-1.23), and 15% (OR 1.15, 95% CI 1.04-1.26) increased odds of all-cause inpatient mortality compared with hospitals with ≤12.4% (Q1) minority discharges (Table 2, Model 4). ACS patients admitted to hospitals with >18.7% to 25.7% (Q2) and >34.0% (Q4) lowincome payer discharges experienced a 9% (OR 1.09, 95% CI 1.01-1.17) and 9% (OR 1.09, 95% CI 1.00-1.19) increased odds of all-cause inpatient mortality when compared with hospitals with ≤18.7% (Q1) low-income payer discharges (Table 3 , Model 4). In sensitivity analysis, there were no interactions observed between sex and hospital minority or low-income payer quartile.
Adjusted cubic splines (Model 4) continuously modeling the impact of hospital minority and low-payer makeup on probability of inpatient death from acute coronary syndrome are shown in Figure 3 . In the adjusted minority analysis, hospital minority make up positively associates with odds of all-cause inpatient mortality from ACS across all 4 quartiles ( Figure 3A ). In the adjusted low-payer analysis, hospital low-payer makeup positively associates with odds of all-cause inpatient mortality across the first 3 quartiles. Though the slope of the line changes over quartile 4, the probability of death in quartile 4 still remains higher than seen in the majority of quartile 1 ( Figure 3B ).
Among patients admitted for ACS, rates of coronary angiography and percutaneous coronary intervention significantly differed across hospital minority and low-income payer quartile (Tables 4 and 5 ). In general, rates of coronary angiography and percutaneous coronary intervention were lower in Q4 compared with Q1-Q3 minority and low-payer hospitals. ACS patients admitted to hospitals with greater percentages of minority and low-income payer discharges were also found to have increased rates of cardiac arrest, hemodialysis, and mechanical ventilation (Tables 4 and 5 ).
Discussion
In this cross-sectional study of 550 005 primary ACS discharges, both hospital minority and hospital low-income payer makeup positively associated with odds of all-cause inpatient mortality among patients admitted for ACS.
While prior research demonstrates that minority and lowincome payer patients experience worse cardiovascular outcomes, there have been limited studies evaluating the impact of hospital-level minority makeup and payer mix on inpatient mortality in a large nationwide sample. [7] [8] [9] [10] [11] 18 Here, we demonstrate that ACS patients admitted to hospitals with higher proportions of minority and low-income payer discharges have increased all-cause inpatient mortality, even after adjustment for age, sex, hospital characteristics, patient comorbidities, individual patient race, and individual patient payer status. One explanation may be that hospitals with large proportions of minority and low-income payer patients lack the resources necessary to provide the invasive procedures often required for acute cardiovascular care. To test this hypothesis, we compared rates of invasive cardiac procedures performed during the patient's hospitalization from which data were obtained across different hospital minority and low-income payer quartiles. We found lower rates of coronary angiography and percutaneous coronary intervention in Q4 minority and low-payer hospitals compared with hospitals in earlier quartiles. It should be noted, however, that is difficult to ascertain why certain hospitals may be performing more or fewer procedures. While 1 hypothesis may be that hospitals taking care of larger proportions of lower-paying patients may be underresourced, and therefore have lower procedure rates, it is also possible that hospitals may be inappropriately performing more or fewer procedures based on a variety of other factors such as physician decision making or regional practice patterns.
After additionally adjusting for angiography and percutaneous coronary intervention rates, ACS patients admitted to Q2, Q3, and Q4 minority hospitals still had increased odds of all-cause inpatient mortality with ORs of 1.13 (95% CI 1.05-1.22), 1.13 (95% CI 1.04-1.23), and 1.11 (95% CI 1.00-1.22), respectively, when compared with patients in Q1 minority hospitals. ACS patients attending Q2 low-payer hospitals also still had increased rates of all-cause inpatient mortality after additional adjustment for procedures (OR 1.08, 95% CI 1.01-1.17).
Part of the residual disparity may be explained by the baseline severity of patient comorbidities. Minority and low-income payer patients often have more advanced and more poorly controlled comorbidities because of a variety of different factors. 7, [21] [22] [23] [24] While models may control for the presence or absence of a condition, they are unable to fully account for severity, which may result in unmeasured confounding. In both our minority and low-payer analyses, patients admitted to hospitals with higher proportions of minority and low-income payer patients were more likely to require hemodialysis and mechanical ventilation, and were more likely to have cardiac arrest, potentially suggesting a sicker baseline population. Furthermore, minority and low-income payer status likely serves as a proxy for overall socioeconomic status, which can contribute to unmeasured confounding through difficultto-measure environmental factors. [25] [26] [27] [28] The remaining association may be explained by a number of intangible, and often unmeasured, hospital-level factors. Hospitals with greater numbers of minority and low-income payer patients may be under-resourced, and therefore may lack the personnel, communication, and integration necessary for efficient patient transitions from the Emergency Room to higher levels of care. 29 Hospital culture, engagement in quality, and the use of protocol-driven therapies may also be contributing. 12 Last, low-income payer hospitals are less likely to provide guideline-directed medical therapy, and low-income payer patients are less likely to receive the standard of care for a wide range of cardiovascular conditions, which may be contributing further to the observed disparity. 8, 10, 18, [30] [31] [32] Reimbursement systems that focus solely on quality outcomes, and not the reasons behind those outcomes, may unfairly punish hospitals taking care of large proportions of minority and low-payer patients. As prior research and the data above demonstrate, poor outcomes in these facilities may be the result of both hospital quality (less access to invasive procedures, understaffing, less use of protocol-driven therapies) and baseline patient health (more severe baseline comorbidities in segregated environments). Providing financial support, as opposed to punitive action, to help hire trained staff, purchase needed equipment, and establish protocoldriven procedures has the potential to even the playing field, and improve outcomes for ACS patients admitted to facilities with large proportions of minority and low-payer patients. 33 This study is limited by the design of the NIS, which does not allow for identification of specific patients, and therefore allows for 1 patient to potentially contribute multiple discharges over the course of a year. The NIS relies on administrative collection of diagnoses, which may limit the accuracy of diagnostic definitions. The NIS does not provide data on long-term outcomes for discharges and therefore does not allow for longitudinal analysis of mortality disparities. Furthermore, the NIS does not allow for delineation of data by state, which limits analysis on the influence of state-level policies. Lastly, while attempts were made to control for patient severity and comorbidities, the potential for residual and unmeasured confounding remains.
In conclusion, hospital minority and low-income payer makeup were found to positively associate with odds of allcause inpatient mortality among those admitted with ACS despite adjusting for age, sex, hospital characteristics, patient comorbidities, and individual patient race and insurance status. Policy changes that provide resources and support to facilities taking care of large proportions of minority and low-income payer patients are needed, and have the potential to improve outcomes for those admitted with ACS.
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